showed variations in the natural carbon isotope ratios (3C/l'2C) in plant material. They suggested that such variations in the V'C values could be accounted for by the variations in the source of carbon utilized by the plants. Keeling (8) found that 813C value of nonpolluted atmospheric CO2 ranged between -6.7 and -7.4%o, and thus could not explain the observed higher variations found in land plants.
enzymic reactions and are probably less influenced by purely physicochemical processes. In view of the data presented here the balance between carboxylation and decarboxylation reactions seems to be the major factor for the observed seasonal differences. Winter accumulation of 12C enriched components causes an over-all decrease in 813C. During the summer, those storage materials are respired with concomitant increase in the 813C of the residual plant materiaL
In their early surveys Wickman (21) and Craig (6) showed variations in the natural carbon isotope ratios (3C/l'2C) in plant material. They suggested that such variations in the V'C values could be accounted for by the variations in the source of carbon utilized by the plants. Keeling (8) found that 813C value of nonpolluted atmospheric CO2 ranged between -6.7 and -7.4%o, and thus could not explain the observed higher variations found in land plants.
Park and Epstein (16) proposed a model showing four possible sites for isotope fractionation during CO2 incorporation into plant tissue ( Fig. 1) .
Bender (3) discovered differences in the fractionation of "C between C3 and C4 plants. Plants with 813C values of -10 to -18%o are known to be C4 plants, whereas those with 813C values of -19 to -33%o belong to the C3 group. Such fractionation was observed not only with whole plants, but also at the enzymic level. Whelan (20) demonstrated, in a cell-free system, smaller isotope fractionation for PEP3 carboxylase (-3.3 to -2.5%o) than reported for 1 Tel Aviv University. RuBP carboxylase (-17.5%o) (16) . By adding to this enzymic fractionation the equilibrium fractionation of "C between CO2
and bicarbonate (7-8%o), the fractionation ranges of C4 and C3 plants were obtained. However, the parameters which influence the variations within each of these two groups are poorly understood.
Different environmental parameters influence the isotopic composition of plant material. One of the main parameters is the isotopic composition of the carbon source (19) . Marine plants which utilize mainly dissolved bicarbonate (2) are enriched in 13C as compared with land plants which assimilate atmospheric CO2 (6) . Isotopic variations are also associated with fluctuations in atmospheric CO2 content. Such regular fluctuations occur daily and seasonally in closed valleys (4) and greenhouses (17) and could be partly accounted for by respiration. Respiration of plants reaches a maximum around midnight or in the early morning hours. At this time, the contribution of isotopically light respiratory CO2 is maximal (8, 9) .
The effect of other environmental parameters such as temperature, light intensity, and 02 concentration on isotopic fractionation of carbon by plants was found to be minor and not to exceed 1 to 2%o (17) . The minor effect of temperature is puzzling, because it fails to explain the relatively large isotopic differences observed in plants growing in different habitats. Environmental water stress was recently suggested as a factor affecting carbon isotopic composition of plants (15) . Mooney et al. (13) and Troughton et al. (18) showed that certain species of leafy succulent plants which change from the C3 carbon fixation to the CAM pathway during the dry season undergo concomitant changes in carbon isotope composition.
Lichens are plants which are able to sustain long periods of dryness and are rapidly reactivated by humidity (10 Determination of Relative Content of Metabolites. Amino acids were measured by the ninhydrin method (14) . Polyols were oxidized with periodate to produce formaldehyde and then analyzed colorimetrically with chromotropic acid (1) .
Protein content was measured by the Folin phenol method (12) . Starch content was measured by the iodine method (5). Xylose and glucose were measured with orcinol and ferric chloride (7).
RESULTS
Lichens from wet and dry habitats were screened for their 8'3C value (Table I) . All values ranged between -19 and -36%o, thus suggesting that these lichens are C3 plants.
When grouped according to their habitats it was observed that lichens from humid regions were lighter (depleted of 13C) when compared with those from arid regions (Table I) .
A seasonal trend, indicating a similar response to humidity, was observed for the two fruticose lichens R duriaei and T villosus (Figs. 2 and 3) . Results indicate the same trend of variations in the two species and when collected from two climatically different environments.
The seasonal changes in 813C values were compared to different climatic parameters such as temperature, RH, and precipitation. The monthly rainfall was the only parameter which was found to be closely correlated with the variations in 813C (Figs. 2 and 3) . 813C values of entire plants of R duriaei and T villosus increased up to -20.8 and -19.6%o, respectively, during the dry summer and decreased to -23.5 and -22.8%o during the winter. Such difference between 813C values in the dry and wet seasons was even greater when expressed as the 813C values of the plant water extracts. The largest seasonal difference (10.7%o) was found in the water-soluble fraction of R duriaei, i.e. -21.0%o in summer and -31.7%o in winter (Table II) .
During the winter we observed an increase in the quantity of the water-soluble fraction: 20 to 50 mg/g fresh weight in the dry summer; up to 200 mg/g fresh weight in the winter. It seems that soluble metabolites were synthesized mainly during the rainy season. This is the fraction that is most affected by physiological and environmental factors and the changes might be expressed by the 613C values of the extract.
The effect of humidity on 813C value of the plant material could be partially simulated in the laboratory by wetting the lichens and exposing them to high aerial humidity under controlled conditions (Table II) lichens decreased in response to wetting and the effect increased with time. The length of the illumination time had no apparent effect on isotopic composition (Table II) . The decrease in 813C values of the soluble fraction seems to be faster under conditions of constant humidity (Table II) than under diurnal cycles of humidity and dryness (Table III) .
In order to understand the nature of these variations, watersoluble fractions of "dormant" and "active" lichens were analyzed for the relative content of several metabolites (Table III) After 2.5 days in high humidity T. villosus showed a decrease in 813C of 4.17%o in the water-soluble fraction. This fraction had increased quantitatively and showed a relative increase in starch, polyols, and ketoses and a relative decrease in proteins (Table III) .
After a 10-day treatment consisting of diurnal cycles ofhumidity and dryness, the water-soluble fraction of R duriaei showed a C. (10) demonstrated the daily course of CO2 exchange of R. maciformis, from the Negev Desert. During the summer nights water content of the lichens rises after dew formation and the rate of CO2 release is stimulated. Immediately after sunrise a steep increase in CO2 uptake occurs which decreases, after approximately 3 hr, as the thalli dry out. Thus, the possibility exists that many hr of dark fixation (PEP carboxylase) and only limited hr of light fixation (C3 cycle) in the summertime contribute to the seasonal variations in isotope composition of the lichens. However, such explanation was also ruled out. Lichens which had been subjected to 20 hr of darkness and 3 hr of light for several days showed the same isotopic composition as those exposed to 21 hr of light and 3 hr of darkness (Table II) . The contribution of the C4 system to those variations thus seems to be negligible. In both cases the lichens were lighter than those exposed to dry conditions. These results are in contrast to the suggested contribution of dark fixation to variations in carbon isotopic composition of CAM plants growing in arid climates (13, 15, 18) . The differences could be explained by differences in the main carbon fixation pathway. Potential CAM plants are able to shift from C3 pathway to CAM under different environmental conditions (3, 11, 22) , whereas lichens fix CO2 mainly by the C3 pathway. 5 . It is possible to explain the seasonal variations in 8'3C of lichens through the seasonal variations in the ratio of carboxylation to decarboxylation reaction rates. This hypothesis is supported by the data of Keeling (8) , showing that dark-respired CO2 is depleted in 13C. We have observed that lichens collected during the winter had a much higher content of a "light" water-soluble fraction (100-200 mg/g fresh weight). The decrease in this fraction during the summer toward 20 to 50 mg/g fresh weight is probably due to respiration of storage material and is evidenced by the sharp decrease in starch content (Table III) .
It seems that in the dry season, enzymic decarboxylation reaction rates exceed that of carboxylation. Storage metabolites are then used up. "Light" CO2 is respired, with the plant becoming enriched in 3C (Table II; Figs. 2 and 3) .
During the winter, with its precipitation, high humidity and low temperature, not all the rapidly synthesized "light" metabolites are respired. Accumulation of starch, polyols, and other "light" metabolites occurs, which shows up in the isotope composition of the water-soluble fraction. The lichens become then poor in 13C (Tables II; Figs. 2 and 3) .
